Background: In the present work, an electrochemical sensor for detection of paracetamol was fabricated by modifying a glassy carbon electrode (GCE) using multiwalled carbon nanotube (MWCNT) decorated with bismuth oxide (Bi 2 O 3 ) based on using the drop dry technique.
Introduction
Paracetamol (Scheme 1) is mainly used as an antipyretic and analgesic drug in most countries for relief of mild to moderate pain associated with headache, arthritis, backache, toothaches, and postoperative pain (Jia et al. 2007; Kachoosangi et al. 2008; Devaraj et al. 2013) . No harmful side effects caused by paracetamol have been reported when taken in normal therapeutic doses. Nevertheless, abnormal level of paracetamol has been reported to cause formation of some liver and nephrotoxic metabolites (Rowden et al. 2006) .
Furthermore, increased problems such as rhinoconjunctivitis, asthma, and eczema have been reported in children younger than 1 year after consumption of paracetamol (Sullivan and Farrar 2011) . For quality control purposes and its widespread use on a daily basis in different countries, the monitoring of trace amounts of paracetamol in fluids is of great interest since little is known about potential chronic health effects associated with long-term ingestion.
Current analytical techniques that have been reported for quantification of paracetamol in different environmental matrices include capillary electrophoresis (Sultan et al. 2013) , high-performance liquid chromatography (Abdelaleem and Abdelwahab 2013), and liquid chromatographymass spectrometry (Lou et al. 2010) . The aforementioned methods are sensitive and reliable. Conversely, they are expensive instrumental techniques that require substantial times for sample pretreatment and require qualified and experienced technicians making them unsuitable for routine analysis (Gowda et al. 2015) . In recent years, electrochemical methods have proven to be good since they offer the opportunities like portability, sensitivity, less expenses, reproducibility, and rapid methodologies (Gupta et al. 2006; Moyo et al. 2015; Bouabi et al. 2016) .
In the recent decade, various chemically modified electrodes have been used to determine paracetamol based on its molecular structure which is electrochemically active. The modification has also been applied in an attempt to reduce poor voltammetric responses caused by sluggish electrode kinetics and electrode fouling encountered at bare electrode which decrease sensitivity and reproducibility (Bouabi et al. 2016 ). Modifiers such as multiwalled carbon nanotube-cetyltrimethyl ammonium (Gowda et al. 2015) , chitosan (Bouabi et al. 2016) , graphene (Kang et al. 2010) , carbon nano-tube composite film (Li et al. 2006) , magnesium diboride microparticles (Zidan et al. 2011a (Zidan et al. , 2011b , nafion/TiO 2 -graphene (Fan et al. 2011) , bismuth oxide nanoparticles (Zidan et al. 2011a (Zidan et al. , 2011b , nickel and nickel-copper alloy (Feizbakhsh et al. 2012) , graphene oxide (Zidan et al. 2014) , multiwalled carbon nanotubes and dopamine nanospheres functionalized with gold nanoparticles (Liu et al. 2014) , nickel oxide nanoparticles and carbon black (Deroco et al. 2014) , cuprous oxide nanoparticles-graphene (Yang et al. 2015) , graphene (Fernandez et al. 2015) , single-walled carbon nanotube/ nickel nanocomposite (Ngai et al. 2015) , cadmium selenide microspheres (Yin et al. 2012) , and poly(glycine) (Kuskur et al. 2015) have offered great success for the decrease in overpotential and increase of sensitivity during oxidation of paracetamol. Even though the aforementioned modifiers have proved to be effective, a search for new combinations should still continue so that better sensitivity, selectivity, and good stability are achieved during electrochemical detection.
Since their discovery, carbon nanotubes especially multi-walled carbon nanotubes (MWCNTs) have been used in sensors due to their superior properties such as a large electrochemically accessible area, high electrical conductivity, high reactivity, and selectivity, as well as great chemical stability, electrocatalytic properties, capability to reduce the overpotentials, and the ability to improve significantly both the anodic and cathodic peak currents in redox systems (Gowda et al. 2015; Ovsienko et al. 2007 ). Bismuth oxide (Bi 2 O 3 ) is a well-known transition metal oxide with varied interesting characteristics such as its thermal, energy band gap, photoconductivity, large surface area, and good electrochemical stability (Li and Yan 2009; Periasamy et al. 2011; Chen et al. 2009 ). In the present work, a cheap composite prepared from MWCNT and Bi 2 O 3 was used with the intent to exploit their synergistic effects. Various graphitic materials such as graphene oxide, single-walled carbon nanotubes, and graphene quantum dots have shown enhanced current densities with high potential of increasing detection signals. Metal centers on the other hand act as catalytic sites as shown before (Mafuwe et al. 2019) . Graphitic materials provide abundant binding sites for the metal center and improve conductivity (Xu et al. 2015) hence the need to combine the two. As far as we could ascertain, the use of a Bi 2 O 3 /MWCNT composite deposited on the glassy carbon electrode for the determination of paracetamol has not been reported. The electrochemical oxidation of paracetamol using modified electrodes was investigated by cyclic voltammetry (CV), chronoamperometry, and square wave voltammetry (SWV). The proposed method was applied to urine samples.
Materials and experimental methods

Materials
All reagents were of analytical grade and were used without further purification. Paracetamol, N,N-dimethylformamide (DMF), Bi 2 O 3 nanopowder (particle size of 21 nm, MWCNT-purity of 95%, diameter~20-40 nm, and length 5-15 μm), potassium ferricyanide (K 3 Fe(CN) 6 ), and potassium ferrocyanide (K 4 Fe(CN) 6 ) were purchased from Sigma-Aldrich (South Africa). Phosphate buffers solutions (PBS) at different pH values were prepared by mixing standard stock solutions of 0.10 M Na 2 HPO 4 and 0.10 M NaH 2 PO 4 and adjusting the pH with 0.1 M hydrochloric acid or sodium hydroxide. A stock solution of paracetamol (5.0 × 10 −3 M) was dissolved in 0.1 mol L −1 PBS. All solutions were prepared using doubly distilled water. All glassware was cleaned in a bath of freshly prepared aqua regia solution and thoroughly rinsed with distilled water thereafter.
Fabrication of the sensor
Prior to modification, the glassy carbon electrode (GCE) was sequentially polished to a mirror finish using a BASi polishing kit containing 1.0, 0.3, and 0.05 μm diamond slurry, and then rinsed thoroughly in doubly distilled water before being ultrasonically rinsed in ethanol and doubly distilled water for 10 min to remove any adsorbed species on the electrode surface. to MWCNT (1:3 w/w) with the aid of ultrasonic agitation for 1 h in 1 mL of DMF to give 1 mg mL −1 dispersion. Five microliters of aliquot of the nanocomposite was cast onto the GCE surface and then dried at room temperature in an inverted beaker so that a uniform layer was formed. The resultant electrode was hereafter denoted as Bi 2 O 3 /MWCNT/GCE and stored at room temperature when not in use. By the similar way, the Bi 2 O 3 /GCE and MWCNT/GCE were also prepared.
Instruments and analytical procedure measurements
FT-IR (Thermo Scientific Nicolet 6700, USA) was used to investigate the different interactions between B 2 O 3 and MWCNT. To study surface morphology and presence of different elements in composite, SEM image was obtained using a TESCAN Vega TS 5136LM Electron microscope. An Auto-lab potentiostat/galvanostat (PGSTAT 302F, Eco Chemie, the Netherlands) equipped with NOVA 1.10 software was used to study electrochemical measurements. A conventional three-electrode cell consisting of a modified GCE as working electrode, an Ag/AgCl reference electrode, and a platinum wire auxiliary electrode were used. A standard aliquot of paracetamol was added into the electrochemical cell containing 10 mL of 0.1 M PBS (pH 4) which was employed as the supporting electrolyte. The solution was kept in anaerobic conditions by purging it with high-purity nitrogen for at least 15 min before and continuously during the experiments. The square wave voltammetry was used to investigate the paracetamol concentration in various solutions. Parameters were recorded in the range from 100 to 580 mV, for which the step potential of 10 mV, frequency 10 Hz, and modulation amplitude 20 mV were used. The parameter settings in electrochemical impedance spectroscopy (EIS) were as follows: measuring potential 0.176 V, high frequency 10,000 Hz, low frequency 0.01 Hz, and amplitude 50 mV. The determination of paracetamol in spiked human urines was tested under optimized conditions so that evaluation of the method could be ascertained. All the electrochemical measurements were conducted at room temperature and performed in triplicate. The pH measurements were carried out with a Crison 2001 micro pH-meter (Spain).
Urine samples
Fresh urine samples were obtained from voluntary individuals. It should be noted that all experiments were performed in compliance with relevant laws and institutional guidelines. All experiments were approved and conducted in the sensor lab as guided by the Chemical Technology Department Ethics board members (P and RP 2018), Midlands State University. All participants were provided with written informed consent. 0.4 mL of sample was diluted to 10 mL with 0.1 M phosphate buffer (pH 4.0) without pre-treatment step. The standard addition method was used for determination of paracetamol in urine samples after spiking aliquots of paracetamol.
Results and discussion
Surface morphological characterization studies using SEM and FT-IR
The surface morphology and elemental composition of various components used to modify the glassy carbon electrode was investigated using SEM-EDS. Figure 1a shows the SEM image of Bi 2 O 3 nanoparticles. The Bi 2 O 3 nanoparticles appear as flakes, spherical nanoparticles with bright spots. Interestingly, the EDS spectra exhibit well-defined peaks for Bi and O elements. Figure 1b shows the SEM image of MWCNTs, with several coiled MWCNT bundles. The EDS spectrum of MWCNT shows an intense peak for the element carbon. On the other hand, the SEM image ( Fig. 1c) Figure 2 shows the FT-IR spectra of the Bi 2 O 3 nanoparticles (a), MWCNTs (b), and Bi 2 O 3 /MWCNT composite (c). Several well-defined peaks at 521, 613, 1400, 1636, and 3443 cm −1 are present on the Bi 2 O 3 FT-IR spectrum. The sharp peaks at 559 and 613 cm −1 are related with metaloxygen (Eda et al. 2012 ) (Bi-O) bond. The appearance of a very short band at 1627 cm −1 might be due to the bending vibration of absorbed water and surface hydroxyl, while the broad peak 3439 cm −1 is due to the O-H stretching mode. In Fig. 2 (b) , the peak appearing at 1623 cm −1 is due to C-C stretching frequencies. After making the Bi 2 O 3 /MWCNT nanocomposite, the shoulder peaks appearing at 525 and 631 cm −1 increased in intensity. The obvious changes observed show that some interaction occurred.
Electrochemical characterization
The electrochemical properties of bare GCE (curve a), Bi 2 O 3 /GCE (curve b), MWCNT/GCE (curve c), and Bi 2 O 3 /MWCNT/GCE (curve d) were characterized by CV in 10 mM K 3 [Fe (CN) 6 ] solution containing 0.1 M KCl at 100 mV s −1 (Fig. 3) . It can be seen in Fig. 3 (curve a-d) that a pair of peaks corresponding to the redox reaction of ferricyanide was observed. Bi 2 O 3 /GCE exhibited a negative shift in anodic peak potential although the anodic peak current of the [Fe (CN) 6 ] 3−/4− (I pa 41.2 μA) was slightly less compared with the bare GCE (I pa 42.7 μA). Compared with Bi 2 O 3 /GCE, the anodic peak current of [Fe (CN) 6 ] 3−/4− (I pa 98 μA) on MWCNT/GCE further increased. However, the Bi 2 O 3 /MWCNT/GCE significantly enhanced the redox peak currents, giving the highest anodic peak current [Fe (CN) 6 ] 3−/4− (I pa 148 μA) compared to other electrodes. The highest electrocatalytic activity was probably attributed to Bi 2 O 3 and MWCNT in the composite providing an increase in effective surface area on the GCE. Furthermore, the peak-to-peak potential separation between the cathodic and anodic peaks of the Bi 2 O 3 /MWCNT/GCE is smaller evidence of an efficient electron transfer process (Table 1 ) as compared to the bare GCE, Bi 2 O 3 , and MWCNT/GCE. The obtained results suggested that there was a successful modification of the GCE. The modified electrodes were further characterized by electrochemical impedance spectroscopy. Figure 3B shows Nyquist diagrams for 10 mM [Fe (CN) 6 ] 3−/4− in 0.1 M KCl at different electrodes. In Fig. 3B , the GCE (curve a) displays a large semi-circle at higher frequencies with a large diameter ( /MWCNT/GCE is a manifestation of increased electron exchange sites offered by the bismuth metallic centers with the pi electron system of the MWCNT enhancing ease of electron flow. The information from the Bode plots (Fig. 3C ) further supports that modified surfaces have different behaviors since their phase angles shifted to different frequencies.
Electrochemical paracetamol sensor
The electrochemical behavior of paracetamol on GCE, B 2 O 3 /GCE, MWCNT/GCE, and Bi 2 O 3 /MWCNTs/GCE was investigated using CV in a 0.1-M phosphate buffer (pH 4.0) at a scan rate of 100 mVs −1 (Fig. 4) . The GCE (curve a) displays a featureless cyclic voltammogram showing only background current in the absence of paracetamol. Upon addition of paracetamol, GCE (curve b) shows an irreversible behavior with an I pa of 9.0 μA at an E pa of 551 mV. Detection on B 2 O 3 /GCE (curve c) is accompanied by an increase in current of 2.5 μA. As can be seen from curve d, paracetamol exhibits a pair of well-defined redox peaks on the MWCNT/GCE with E pa at 381 mV and E pc at 354 mV. The increase in both anodic current and cathodic peak current in CV for paracetamol might be due to the electrocatalytic effect of MWCNT and increase in electroactive area. As shown by the inset B Fig. 4 , the I pa current for B 2 O 3 /MWCNT/GCE is nearly 10.4 μA (≈ 944%), 8.2-fold (≈ 717%) and 1.3-fold (≈ 33.1%) higher when compared to GCE, B 2 O 3 /GCE, and MWCNT/ GCE electrodes, respectively. The enhancement factor in I pa and shift of the E pa towards the lesser negative value infers that B 2 O 3 /MWCNT/GCE is more sensitive than other electrodes in determination of paracetamol and that B 2 O 3 /MWCNT/GCE surface has good (Fig. 5a) . The current responses of the B 2 O 3 /MWCNT/GCE sensor loading variable amount of B 2 O 3 to MWCNT to oxidation of 0.1 mM paracetamol using CVs in 0.1 M PBS (pH 4.0) were investigated.
It is observed that the best results were obtained at a concentration ratio of 1:3 (B 2 O 3 to MWCNT). Furthermore, a total concentration of 1 mg mL −1 was deduced as one giving high I pa for paracetamol (Fig. 5b) . The volumes of B 2 O 3 /MWCNT composite solution applied at the respective optimized total concentration on GCE electrode for studying the electrochemical behavior of paracetamol were investigated (Fig. 5b, inset) . When the volume of B 2 O 3 /MWCNT composite solution was increased from 1 to 5 μL, I pa also increased due to the increased amount of composite causing effective surface area and aggregation effect to increase gradually, allowing an increase in the concentration of paracetamol on the surface of electrode. On the other hand, when the volume of B 2 O 3 /MWCNT composite solution was increased from 6 to 11 μL, I pa decreased. The decrease might be explained in terms of thickness of the B 2 O 3 /MWCNT which had increased the diffusion distance of paracetamol hindering mass transfer and electron transfer. Consequently, 5 μL of B 2 O 3 / MWCNT composite solution was used in further studies for paracetamol detection.
The effect of potential cycling on B 2 O 3 /MWCNT/ GCE was evaluated using CV by subjecting the electrode to 30 continuous potential cycles (Fig. 6 ) in 0.1 mM paracetamol. The 1st cycle had an I pa of 42.9 μA and the 30th cycle an I pa of 39.2 μA showing a decrease of 3.7 μA (≈ 8.62%). The oxidation peak of paracetamol remained high during continuous potential cycling showing that B 2 O 3 /MWCNT/GCE had good stability. Furthermore, the realization of steady condition in solid state cyclic voltammogram and that the reaction is in an equilibrium condition might be used to explain the stability (Zidan et al. 2014) . Consequently, in all the studies, the oxidation peak current for paracetamol measurements was recorded in the first anodic scan in order to acquire higher sensitivity and good accuracy. The effect of solution pH on the electrochemical response of the Bi 2 O 3 /MWNT/GCE sensor towards paracetamol was investigated using CV in the pH range from 2.0 to 9.0. As shown in Fig. 7 , it can be seen that paracetamol determination depended on solution pH. Furthermore, both anodic and cathodic peak potentials were shifted to less positive side with increase in pH values. Similar trends have been reported (Devaraj et al. 2013; Gowda et al. 2015; al. 2011a, 2011b). The anodic peak potential of paracetamol shifted from 720 to 313 mV with an increase in the pH 2.0-9.0. The linear regression equation is E pa = − 54.04 (± 0.021) pH + 835.82 ± 0.010 (R 2 = 0.9885, n = 8) at 95% confidence interval and degrees of freedom (n − 2) (Miller and Miller 2010) . The regression equation with a slope of − 54.04 mV per pH nearly obeyed the Nernst equation for two electrons and two protons in the transfer reaction (Liu et al. 2014) . The anodic oxidation peak currents decreased and increased with an increase in pH from 2 and the maximum was reached at 4.0 (Fig. 7, inset) , and for further studies, pH 4.0 was selected for paracetamol determination.
The effect of scan rate on oxidation of paracetamol at B 2 O 3 /MWCNT/GCE was investigated in an effort to understand the nature of the electrocatalytic process. As shown in Fig. 8 , a positive shift in peak potential was observed with increase in scan rate. The anodic peak current (I pa ) and cathodic peak current (I pc ) were observed to increase linearly with scan rate in the range of 10-300 mV s −1 (Fig. 8, inset ) due to heterogeneous kinetics (Zidan et al. 2011a (Zidan et al. , 2011b . The linear regression equations at 95% confidence interval and degrees of freedom (n − 2) (Miller and Miller 2010) can be expressed as follows: I pa (μA) = 0.28 (± 0.012) v (mV s −1 ) + 9.17 ± (0.12); R 2 = 0.9912 (n = 10); I pc (μA) = − 0.19 (± 0.029) v (mV s −1 ) − 5.40 ± (0.01); R 2 = 0.9913 (n = 10). The observed results indicated that paracetamol undergoes an adsorption-controlled reaction (Bouabi et al. 2016; Kang et al. 2010; Fan et al. 2011; Liu et al. 2014; Fernandez et al. 2015; Kuskur et al. 2015; Bard and Faulkner 2001) . For purely an adsorption process, the slope should be greater than 0.5 and nearly equal to 1.0 when a plot of log I p vs. log v is plotted (Gowda et al. 2015) . In our study, a slope of 0.7 was obtained (see Additional file 1: Figure S1 ) further indicating that paracetamol molecules remain adsorbed on B 2 O 3 /MWCNT/GCE surface. The oxidation of paracetamol has been deduced to be a quasireversible process (Fig. 8 ) in which change of anodic or cathodic peak separation (ΔE pa,c ) values increase continuously with an increase in scan rate from 10 to 300 mV s −1 . Nevertheless, at scan rates (> 200 mV s −1 ), both ΔE p for cathodic and anodic are larger indicating that a limitation arises due to charge transfer kinetics. For anodic process, values of peak potentials (E p ) obtained at high scan rates are proportional to the logarithm of the scan rate (log v) (see Additional file 1: Figure S2 ). Using Laviron's theory (Laviron 1979 ), the rate transfer charge coefficient (α) and heterogeneous electron transfer rate constant (k 0 ) can also be determined using Eq. 1.1:
where E 0 is the formal potential, n is the electron transfer number involved in the rate-determining step, and v is the scan rate. R (= 8.314 J mol
), T (= 298 K), and F (= 96,480 C mol − 1 ) have their usual meanings. The number of electrons transferred in the reaction is two; therefore, from the slope of Eq. 1.1, the value of α was calculated to be 0.65. From the intercept, by extrapolation to the ordinate axis at v = 0, the electron transfer rate constant was calculated to be 3.14 s −1
. The greater value of the electron transfer rate constant signifies high ability of the B 2 O 3 / MWCNT/GCE to enhance electron transfer between paracetamol and modified electrode surface.
Catalytic rate constants
Catalytic rate constants are a measure of how facile a reaction is, hence the effectiveness of the catalysis process. The catalytic rate constant for paracetamol at B 2 O 3 /MWCNT/GCE (Fig. 9 ) was determined by chronoamperometry based on favorable oxidation results from voltammetry. The rate constant can be evaluated using the Eq. 1.2
where I cat and I buf are currents on B 2 O 3 /MWCNT/GCE in the presence and absence of paracetamol, respectively, γ = kC o t (C o is the bulk concentration of paracetamol), and erf is the error function. The error function is almost equal to 1 when γ exceeds 2, and hence, Eq. 1.2 reduces to Eq. 1.3:
where k is catalytic rate constant (cm 3 /mol/s) and t is the time elapsed in seconds. The catalytic rate constant for paracetamol was calculated based on information obtained from chronoamperometry (Fig. 9) . The plot of I cat /I buf vs. t 1/2 for oxidation of different paracetamol concentrations gave linear plots (a). The square of the slopes against the respective concentrations ( Fig. 9 (b 
Analytical utility of the sensor
The relationship between current responses to paracetamol concentration was studied using SWV under optimal experimental conditions for obtaining voltammetric traces (Fig. 10 ). The peak current increased linearly with an increment of paracetamol concentration in the range of 0.05 to 28 μM with a very good sensitivity of 1.133 μA μM −1 . The linear regression equation at 95% confidence interval and degrees of freedom (n − 2) can be expressed as I (μA) = 1.133 (± 0.001) C paracetamol (μM) + 1.614 (± 0.002) with a coefficient of determination (R 2 = 0.9977, n = 8). Additionally, a detection limit (LOD) of 0.0052 μM was calculated using the formula as 3 s/b, where s is the standard deviation of the peak currents of blank (n = 20) and b is the slope of the calibration plot. The performance of developed B 2 O 3 /MWCNT/GCE sensor was compared with some selected previous modified electrodes reported elsewhere in terms of detection technique, linear range, pH of PBS, and detection limit (Table 2) . From the results, it can be concluded that the simple, cheap, easily prepared B 2 O 3 / MWCNT/GCE sensor exhibits a very good analytical performance close to other novel components used.
Impedimetric sensing
EIS has mainly been used in sensor technology for electrode characterization (Bhengo et al. 2018) . In this study, the EIS responses of the fabricated sensor to different concentrations of paracetamol were carried (Fig. 11) . As can be seen in Fig. 11 , the R et decreased with increasing paracetamol concentrations. The observation can be attributed to B 2 O 3 /MWCNT/GCE offering a favorable platform for electrochemical oxidation. The electrons generated during the oxidation reaction helps in enhanced charge transfer rate leading to a decrease in R et value. Increasing the concentration of Storage, stability, and reproducibility
The long-term stability of B 2 O 3 /MWCNT/GCE sensor was also investigated by storing the same electrode at room temperature and intermittently testing it in 0.1 M PBS containing 10 μM paracetamol. In Additional file 1: Figure S3 , the current values maintain more than 90% of the initial value after keeping for 25 days showing that it can be used for a continual operation. The reproducibility of the developed sensor was evaluated by comparing the current responses of different sensors under the same preparation conditions. The current responses of six different B 2 O 3 / MWCNT/GCE (fabricated by the same approach) to paracetamol oxidation were tested independently. The current responses of six modified electrodes provide a relative standard deviation (RSD) value of 3.50% indicating a good reproducibility.
Interference study
The possible interferences for determination of paracetamol using B 2 O 3 /MWCNT/GCE sensor were evaluated. Under the optimized conditions, the peak currents of 10 μM paracetamol were individually measured using SWV after addition of 10-fold of organic molecules such as glucose, salicylic acid, and ascorbic acid and 100-fold inorganic ions such as Na + , Ca 2+ , Cl − , and Mg 2+ and the peak current change was then checked. As seen in Additional file 1: Figure S4 , no major influences on the detection of paracetamol were observed and the peak current changes were < 10%.
Analytical application
The B 2 O 3 /MWCNT/GCE sensor was used to detect paracetamol in human urine. A 1.0-mL urine sample was added into each of the series of 10 mL volumetric flasks. Paracetamol standard solutions of different concentrations were added to the flask, which were made up to volume with 0.1 M PBS. An aliquot of 5.0 mL of the solution was placed in a cell for determination and SWV were run. The results are shown in Table 3 . As can be seen, the recoveries (94.3-98.7%) for the determination of paracetamol added to urine samples were obtained.
Conclusion
In the present study, a good electrocatalytic response for the oxidation of paracetamol was shown by Bi 2 O 3 /MWCNT/GCE with I pa of nearly 8.2-fold (≈ 717%) higher when equated to GCE. The scan rate studies indicated that the paracetamol undergoes a surface-confined process on the modified electrode. Calibration plot reveals linearity from the range 0.02 to 28 μM with a good sensitivity of 1.067 μA μM −1 . The detection limit was estimated to be 0.0052 μM. Based on interference studies, some organic and inorganic substances studied do not affect the response of paracetamol at the B 2 O 3 /MWCNT/GCE surface.
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